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OF PLASTIC-BONDED GLASS CLOTH
By Norman Rafel and Evan H, Schuette

INTRODUCTION

A number of plastic materlals have been proposed -
for structural use in aircraft. liaterlsl properties of
these plastlics muct be established, however, before their
use 1in alrcraft structures can be put on a sound bssls,
Reference 1 presented the results of mnterial-property
tests of a plastlc-bonded muterlal of gless cloth and
canvas and suggested a type of fabricatlon of plastic-
bonded glasa cloth which it was hoped might prove superior
to the type used in the testa of reforence 1. Results
are presanted hereln of tonslile and compressive tests of
two types of plastic-bonded glass cloth, including a
specimen fabricated as suggested in reference l. The
materlal for these tests was furnished by the Swoedlow
Aeroplastics Corporation, Glendale, Calif,

DESCRIPTION OF -MATERIAL

The two types of glass oloth included in this inves-
tigation are i1dentified as rectangular weave (ECC-11-162
Fiborglas fsbric) and unidirecticnal weave (0C-(l. Fiber-

. glas fabric); the bonding agent was MR resin. Tre dencity
of the plastic-bonded rectangular-weave cloth tested was
0.059 pound per cubic inch and of the plastic-bounded
unidirectlonal-weave cloth, 0.056 pound per cublec ineh. The
rectangnlar-weave glass-cloth layers were cross-laeminated
and bonded to produco a plate approximately 1/2 inch thick.

: Figﬁ;e ) shows the relative directlons and spacing
of the eads 1n the surface layer of the plate. The

directlon along which the arrow 1s shown 1s designated

the longltudinal direction. Inapection of the materilel
Glsclosed that the layers were not alternately crossed
throughout but wers laminated 1In groups of layers in

each direction. The thicknesses -of the groups were not
constant, and consequently there may have been more layers
in one direction than..in the other.
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The unldirectional~weave glass-cloth layers were
similarly crose-laminated and bonded to form a 1/2-inch-
thick plate and, as in the case of the rectangular-weave
cloth, were not alternately crossed taroughout, Flgure 2
shows the relative directlions of the threads in the sur-
face layer of the bonded unidirectional-weave glass cloth
and Indlcates the longitudinal direction.

TwuST SPECIM=NS

Nominal dimensions of the tenslle and compressive
specimens cut from the 1/2-inch-thick plates are given
in figure 3. Three tensile and three compressive speci-
mens wore cut from each }l1.te and are identlfled as
having the longitudinal alrectlon of the surface layer
parsllel, transverse, or at 459 to the axls of the
specimen. The compressive speclimens were machined on
the cut surfaces wlth particular attenticn pald to making
the loaded surfaces square with the longitudinel axis of
the speclimen.

One other specimen was supplied. Thils specimen
embodled the same princlple as a spirally relnforced
concrete colurm, as sugrested In reference 1, and wars
formed of two crossed layers of unidirsctional-weave
glass clcth rolled and bonded to form a cylinder as shown
in fizure 1. The ends were Tinished squasre with the axis
and the spscimen waes tnrsted in compression.

TEST PROCEDURE

The tenslile specimens were losded by applylng the
loading grips against the edges of the layers. . Steel
plates, bolted together through the specimen, were attached
to the suriaces of the clothh to prevent separation of the
layers. (See fig, %,) The coupressive specimens were
loaded w:ith the compression heads of the testing machilne
bearing directly agailnzt the flat spscimen ends.

Tuckerman optlcal =% :".!n gages of l-lnch gage length
were attached at the cen-.: of the reduced section of the
tenslle specimens &agalnst the edzes of the layers and
similarly at the center of the compresslive specimens
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egalnst the edges of the leyers. Four Tuclkerman optical
-atraln gages.-of 2-1nch gage length were evenly spaczod. .
eround the clrcumferencs at midheight of the spirally
wrapped unidirectional-weave-cloth speclmen.

In all tests considersbls amounts of creep cccurred
at the higher loads, and reaedings were taken ln such casos
cnly aefter the creep had become tarely psrceptible.

RE3SULTS AND DISCUSSION

Results of the tests tre presented in table I and
in flgures 5 to 9. Thc speclimnens after failura are shown
in figures 10 to 12.

The ternsile and cowmprcaslvu strems-straln curves of
the plastic-bonded rectancular-weavsa.-clotlhh apecluens are
presented in figures 5 and 6, respectively. Both the
longitudinal ana the transversos tenalle sncclmens falled
at a belt hele, end the ultirate stresses glven 1n figure 5
end table I forr these two cpe:ziziens cre strceses 1n the
ridile, or test, sechtion at ma~=immaa loced., The ternsile and
compresslve stress-strein cvrvss for the olast’c-bonied
unidirectional-veave-clotly cpecimens ere nrecented in
Tiguree 7 urd 8, respectivoly.

For both types of cloth, the ultimato tenzlle atress
and the tenslle and corpressive —leld stresses ot 45° to
the thread directlon were considcrably lowcr than the
corresponding stresses parallel or perpendicular to the
tkread direction. The com»ressive ultimate strecss for
the );5° speclmane, however, was a«lmoast the came e&s the
ultimate stress for the corresnonding longltudinal specil-
mens, which soems to indicate that the plastlc ltself 1s
en Imporvcent factor in compressive =trength, rcgardloss
of tho directlon cf the glass threads.,

Comparison of the results of the tests of the two
types of cloth (see table I) shows that the ultimate
compresgive stresces were someshat higher and the con-
pressive yleld atresses wore voery much hlgher for the
unldirectional-weave specimens than for the corresponding
rectangular-weave specimens,

The compressive stress-strain curve for the plastic-
btonded spirally wrapped unidirectionsl-weave-cloth specimen
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1s presented In figure 9. Table I Indicates that the
modulus of elasticlty for this specluen was sglightly
higher than for any of tho othere, The ultimate stresgs,
however, was not hilgher than the ultinate stress obtalned
from the cross-laminated unidirectlional-weave-cloth
specimens.

CONCLUSIONS

FPesults of tenslle and compressive tests of two
types of plastic-bonded glass csloth indlcated the fol-
lowlngs conclusions:

1. The ulsirate tenslle strees and the tensl!le and
commressive vield etresses at 59 to tke thread direction
were considerably lower thun the corresponding stresses
parallel or perpendlicular vo the tnread direction.

2. The ultimats ccrnrc--~ive stress at 1159 to the
thread dilrectison was alin: .1 tho seme ac the ultimete com-
prossive stress parallel to the thread directlon for
specimens contailning either unidirecticvral-weave or
rectangular-weave cloth, which scems tco indicate that
the plastic is an Important factor in ccamressive strength,
regardless of tho direction cf the glass thrsads,

5 The ultimate comprcsslve struszes wore somewhat
hizhsr and the compressive 7leld stresses were very much
higher for the unidirectionel-wezve speclmens tharn for
the corresponding rectangular-weave speclmers.

The ues of splrally vrapped unidirectional-weave
cloth irstead of ordinary cross-laminated eloth had no
appracliable effect on the ultimate compressive stress.

Langloy Memcrilal Aeronautical Laboratory
wationcl Advisory Cormittes fcr Aercnautics
Langley Fleld, Va,
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Figure |.-Relative directions and spacing
of threads in rectangular-weave cloth.
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Figure 2 - Unidirectional-weave cloth. -
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F'igu,re 3.- Nominal dimensions of tensile
and compressive specimens. |
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Fig.

Figure 4.- Nominal dimensions of spirally

wrapped unidirectional-weave-

cloth specimen.
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Figure 5~ Tensile stress-strain curves for
plastic-bonded rectangular-weave cloth.
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Figure 6.- Compressive stress-strain curves for
plastic-bonded rectangular-weave cloth.
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Figure 7-Tensile stress-strain curves for
plastic - bonded unidirectional-weave cloth.
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Figure 8 - Compressive stress-sirain curves for plastic-

bonded wnidirectional-weave cloth.
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Figure 9.- Compressive stress-strain curve
for plastic-bonded spirally wrapped
unidirectional-weave cloth.
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(a) Rectangular weave.

Tensile specimens after failure.
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Figure 11.- Compressive specimens after failure.
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Figure 12.- Front and side views of spirall& wrapped unidirectional-
weave~cloth specimen after failure.
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